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(54) Method of manufacturing a semiconductor device of multilayer wire structure

(57) In a method of manufacturing a semiconductor

device, when a copper diffusion preventing film portion

on the connecting hole bottom portion is to be removed,

a film thickness of other portion of the copper diffusion

preventing film not to be removed is more thickly formed

than that of the to-be-removed copper diffusion prevent-

ing film portion on the connecting hole bottom portion,

165, 145

thereby only the copper diffusion preventing film portion

to be removed can be removed. The method can extend

a durable length of time of a wire and can reduce a

resistance of the metal wires in a connecting hole bot-

tom portion by removing a copper diffusion preventing

fPm on the bottom portion of the connecting hole.
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Description

The present invention relates to a method of manu-
facturing a semiconductor device of a multi-layer wire
structure. More specifically, the present- invention
relates to a method of removing an undesired film

formed between a metal wire in an upper-layered wiring
structure and a metal wire in a lower-layered wiring

structure at a bottom portion of a contact hole through
which the metal wires of the upper-layered wiring and
the lower-layered wiring are connected to each other.

In a method of manufacturing a semiconductor
device of a multi-layer wire structure, a metal wire in an

- upper-layered wiring structure and a metal wire in a
lower-layered wiring structure are connected to each
other at a bottom portion of a contact hole. However,
during the manufacturing process, an undesired fflm is

formed between the metal wire in the upper-layered wir-

ing structure and the metal wiring layer in the lower-tay-

ered wiring structure. Such an undesired film is, when
the metal wires are made of copper, a copper diffusion

preventing film for preventing copper atoms from being
diffused from the copper wires into an insulation film

formed adjacent to the copper wires, or when the metal
wires are made of aluminium, a film for increasing reflow
of aluminium or reliability of aluminium wire for long-

term use.

Prior art will be explained in detail by using FIGS.
24 to 27 of the accompanying drawings, in a case where
the metal wires are made of copper, and the undesired
film is a copper diffusion preventing fflm for preventing
copper atoms from being diffused from the copper
wires.

FIG. 24 shows a semiconductor device of a multi-

layer wire structure. FIG. 25 shows a cross-sectional

view of the semiconductor device shown in FIG. 24.

Copper diffusion preventing films 1211 and 1212 are
formed around a metal wire 1201 formed in a tower-lay-

ered wiring structure 1291. The diffusion preventing

films 121 1 and 1212 are made of for example, silicon

nitride and prevent copper atoms from diffusing into

interlayered insulating films 1221 and 1292. Without the .

copper diffusion preventing films, the copper atoms will

be flowed into the interlayered insulating films from
being diffused from the copper wires, thereby a charac-

teristic of a transistor is deteriorated. Accordingly, when
the copper is used as a wire material, the copper drffu-

.
sion preventing film is essential.

Next as shown in FIG. 26. a copper diffusion pre-

venting film 1213 made of silicon nitride is formed over

the semiconductor structure shown in FIG. 25. Thereaf-

ter, the wire material whose main conponent is the cop-

per is embedded in connecting holes 1205. 1206
formed in an interlayered insulating film 1292 and wire

grooves 1 294 formed in an upper-layered wiring struc-

ture 1293. thereby a semiconductor device having a

.

multi-layer wire structure is manufactured.

Furthermore, FIG. 27 is an enlarged cross-sec-

tional view showing a portion near the connecting hole

1205 of the semiconductor structure in which a wire
material 1200 whos main component is the copper is

embedded in the connecting holes and the wire groove
of the semiconductor device shown in FIG. 26. As

5 shown in FIG. 27. the copper diffusion preventing flm
exists at a bottom portion 1299 of the connecting hole
1205. A copper diffusion rate is extremely slow in the
copper diffusion preventing film. Accordingly, when a
current 11 is flowed through the wires 1200 and 1201 in

10 the connecting hole 1 205 as shown in FIG. 27, the cop-
per diffusion preventing film portion prevents a move-
ment of the copper atoms occurred due to the flow of
the current to cause a void (such a phenomenon that

the wire material is moved in the wire, thereby a space
15 is formed in the wire) and a hillock (such a phenomenon

that the wire material is overflowed out the wire). Since
the void and the hillock may often cause disconnection
of the wires, a durable length of time of the wire is

reduced. Furthermore, when a resistivity of the copper
20 diffusion preventing film is more than that of the metal

wires 1200 and 1201 whose main component is the
copper, an equivalent resistance of the wires in the con-
necting hole 1205 is increased.

As described above, when the metal wire whose
25 main component is the copper is used for the semicon-

ductor device having the multi-layer wire structure, the
copper diffusion preventing film for preventing the cop-
per atom contained in the metal wire from diffusing

therearound must be formed around the metal wire.

30 However, in case of the wire structure as described
above, the copper diffusion preventing film causes the
disconnection of the wires due to an electromigration

and a resistance increase of the wires at the connecting
hole portion.

35 It is an object of the present invention to provide a
method of manufacturing a semiconductor device which
can prevent the disconnection of the wires near the con-
necting hole and can prevent increase of the resistance
of the wires in the contact hole.

40 ^ order to achieve the above object, the present
invention is characterized by that when films at unde-
sired portions, bottom of connecting hole, are removed
by using an anisotropic etching method without using a

.
mask material, a thickness of films at portions not to be

48 removed are thickened more than that of films at unde-
sired portions, thereby only the undesired film portion to

be removed is removed.

According to the present invention, since films at

portions not to be removed are remained and films only
so at undesired portions, bottom of connecting holes, can

be removed, it is possible to solve the disconnection of

the wire occurred by the electromigration and the resist-

ance increase of the wire at the connecting hole portion

due to an existence of the undesired film at the bottom
55 portion of the connecting hole.

According to the present invention, there is pro-

vided a method of manufacturing a semiconductor

device for electrically connecting a first copper wire and
a second copper wire formed in different layers of a

2
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mufti-layer wire structure on a substrate to each other
comprising: a step of forming the first copper wire
whose periphery is covered with a first copper diffusion

preventing film; a step of forming an intertayered insulat-

ing film having a wiring groove on the first copper wire;

a step of forming a second copper cfiffusion preventing
film on a surface of the intertayered insulating tfm; a
step of forming a connecting hole extended from a bot-

tom portion of the wiring groove to the first copper wire;

a step of forming a third copper diffusion preventing film

at the bottom portion and a side surface of the wiring

groove and at a bottom portion and a side surface of the
connecting hole; a step of removing the third copper <ff-

fusion preventing film portion on "the connecting hole
bottom portion to expose the first copper wire by using
an anisotropic etching, while remaining the third copper
diffusion preventing film portion on the side surfaces of

the wiring groove and the connecting hole; and a step of

forming the second copper wire which is electrically

connected to the first copper wire by embedding a cop-
per material in the wiring groove and the connecting
hole, whereby the first copper wire and the second cop-
per wire are directly connected to each other not via the
third copper diffusion preventing film portion on the con-
tact hole bottom portion, while the copper material in the
connecting hole is covered with the third copper diffu-

sion preventing film portion on the side surface of the
wiring groove. The copp* diffusion preventing film may
be a selected one from a group of amorphous titanium

SiN, amorphous tungsten SiN, titanium nitride, tung-
sten, tantalum, niobium, and tantalum aluminium.

According to the present invention, there is further

provided a method of manufacturing a semiconductor
device for electrically connecting a first copper wire and
a second copper wire formed in different layers of a
multi-layer wire structure formed via respective insulat-

ing films on a substrate to each other comprising: a step
of forming the first copper wire whose periphery is cov-
ered with a first copper drffusion preventing film; a step
of sequentially forming a firsi intertayered insulating film

on the first copper wire and a second copper drffusion

preventing film having an opening and a second inter-

layered insulating fim having a wiring groove within a
region where a connecting hole is to be formed; a step
of forming the connecting hole extended from a bottom
portion of the wiring groove to the first copper wire via

the opening of the second copper diffusion preventing

film; a step of forming a third copper diffusion preventing

film at the bottom portion and on a side surface of the.

wiring groove and at a bottom portion and on a side sur-

face of the connecting hole; a step of removing the third

copper drffusion preventing film portion on the Connect-

ing hole bottom portion to expose the first copper wire

by using the anisotropic etching, while remaining the
third copper diffusion preventing f9m portion on the side

surfaces of the wiring groove and the connecting hole;

and a step of forming the second copper wire which is

electrically connected to the first copper wire by embed- .

ding the copper material in the wiring groove and the

connecting hole, whereby the first copper wire and the
second copper wire are directly connected to each other
not via the third copper drffusion preventing f8m portion
on the contact hole bottom portion, while the copper

5 material in the connecting hole is covered with the third

copper diffusion preventing film on the side surface of
the contact hole The copper diffusion preventing film

may be a selected one from a group of amorphous tita-

nium SiN, amorphous tungsten SiN, titanium nitride,

10 tungsten, tantalum, niobium, and tantalum aluminium.

'

According to the present invention, there is still fur-

ther provided a method of manufacturing a semiconduc-
tor device comprising: a step of forming a first metal
wire having a first wire material whose periphery is gov-

ts ered with a first wire material diffusion preventing film

via an insulating layer on a semi-conductor substrate; a
step of forming a first intertayered insulating fam, an
etching stopper film and a second intertayered insulat-

ing film having an insulation characteristic on the first

20 metal wire; a step of forming a first wiring groove in the
second interiayered insulating film, and forming a sec-
ond wire material diffusion preventing film on an upper
surface of the second intertayered insulating film and on
an inner surface of the first wiring groove; a step of

25 removing the second wire material diffusion preventing
f3m portion at a bottom portion of the first wiring groove,
the etching stopper film and the first wire material diffu-

sion preventing film portion covering an upper surface of
the first intertayered insulating fBm and the first metal

so wire, to expose the first metal wire, thereby forming an
connecting hole; a step of forming a third wire material

drffusion preventing fim on a surface of the second wire
material drffusion preventing film, on an inner side sur-

face of the connecting hole and on an upper surface of
as the first metal wire; a step of removing the third wire

material cfiffusion preventing film portion on the upper
surface of the first metal wire, while remaining the third

wire material diffusion preventing film portion on the
side surface of the connecting hole and on the side sur-

40 face of the first wiring groove; and a step of embedding
a second metal wire in the connecting hole and the first

wiring groove. The step of forming the wire layer may
comprise: a sub-step of forming a second wiring groove
in a third intertayered insulating film by using the lithog-

45 naphy method and the anisotropic etching method; a
sub-step of forming a first wire material whose only sur-

face contacted to the second wiring groove of the first

wire material is covered with a third wire material diffu-

sion preventing film when the first wire material is

so embedded in the second wiring groove; and a sub-step
of forming a fourth wire material drffusion preventing film

oh an upper surface of the third intertayered insulating

fim and on an upper surface of the first wire material

embedded in the second wiring groova The step of

55 forming the wire layer may comprise: a sub-step of

forming a second wiring groove in a third intertayered

insulating film by using the lithography method and the

anisotropic, etching method; a sub-step of forming a
third wire material diffusion preventing film on an inner
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surface of the second wiring groove and on an upper
surface of the third interlayered insulating tarn; a sub-
step of faming the first wire material on an upper sur-
face of the first wire material diffusion preventing film; a
sub-step of removing back the dadded third wire mate-
rial diffusion preventing film and the first wire material by
first removing back means until the third interlayered
insulating film is exposed, and simultaneously removing
back a part of a third wire material diffusion preventing
film portion in the second wiring groove and a part of the
first wire material; a sub-step of forming a fourth wire
material diffusion preventing film on an upper surface of
the third wire material cfiffusion preventing film portion in

the second wiring groove whose a part is removed and
the first wire material whose a part is removed; and a
sub-step of removing back the fourth wire material diffu-

sion preventing fam portion by second removing back
means until the third interlayered insulating film is

exposed, and remaining the fourth wire material diffu-

sion preventing film in only the wiring groove. The first

.
and second removing back means may be a chemical
etching method using an activator The second remov-
ing back means may be a polishing method. The etch-
ing stopper film may comprise a silicon nitrida

According to the present invention, there is yet fur-

ther provided a method of manufacturing a semiconduc-
tor device comprising: a step of forming a wire layer

having a first wire material whose side surface is cov-
ered with a wire material diffusion preventing film; a step
of forming a first interlayered insulating film on the wire
layer; a step of forming an etching stopper film on the
interlamtnar insulating layer; a step of forming a second
interlayered insulating film on the etching stopper f3m; a
step of coating a first resist on the second interlayered

insulating film, patterning the first resist at the upper
portion of the first wire material by a lithography method,
using the patterned first resist as a mask, and etching^

removing the second interlayered insulating film by
using the anisotropic etching until the etching stopper
film is exposed, thereby forming a first wiring groove in

the second interlayered insulating fam; a step of forming
a first wire material diffusion preventing film on the
upper surface of the second intertayered insulating film

and on the inner surface of the first wiring groove after

removing the first resist; a step of coating a second
resist on the first wire material diffusion preventing film,

patterning the second resist in the first wiring groove by
the lithography method, using the patterned second
resist as the masK and.removing the first wire material

diffusion preventing film portion of the first wiring groove
bottom portion, the etching stopper film and the wire

material diffusion preventing film portion covering the
upper surface of this first interlayered insulating f8rh and
the first wire material, exposing the first wire material,

thereby forming an connecting hole; a step of forming a
second wire material diffusion preventing film at least on
a surface of the first wire material diffusion preventing
film, on a side surface of the connecting hole and on an
upper surface of the first wir material; a step of remov-

ing the second wire material diffusion prevaiting film

portion on the upper surface of the first wire material by
using the anisotropic method, while remaining a second
wire material diffusion preventing film portion on the

5 side surface of the connecting hole and on a side sur-
face of the first wiring groove; and a step of embedding
a second wire material in the connecting hole and the
first wiring groove. The step of forming the wire layer
may comprise; a sub-step of forming a second wiring

io groove in a third interlayered insulating film by using the
Sinography method and the anisotropic etching method;
a sub-step of forming a first wire material whose only
surface contacted to the second wiring groove of the
first wire material is covered with a third wire material

15 diffusion preventing film when the first wire material is

embedded in the second wiring groove; and a sub-step
of forming a fourth wire material diffusion preventing fflm
on an upper surface of the third interlayered insulating

f3m and on an upper surface of the first wire material

so embedded in the second wiring groove. The step of
forming the wire layer may comprise: a sub-step of
forming a second wiring groove in a third interlayered

insulating film by using the lithography method and the
anisotropic etching method; a sub-step of forming a

25 third wire material diffusion preventing film on an inner
surface of the second wiring groove and on an upper
surface of the third interlayered insulating film; a sub-
step of forming the first wire material on an upper sur-
face of the first wire material diffusion preventing film; a

30 sub-step of removing back the cladded third wire mate-
rial diffusion preventing fBm and the first wire material by
first removing back means until the third interlayered

insulating fam is exposed, and simultaneously removing
back a part of a third wire material diffusion preventing

35 film portion in the second wiring groove and a part of the
first wire material; a sub-step of forming a fourth wire
material diffusion preventing fBm on an upper surface of

the third wire material diffusion preventing fam portion in

the second wiring groove whose a part is removed and
40 the first wire material whose a part is removed; and a

sub-step of removing back the fourth wire material diffu-

sion preventing film portion by second removing back
means until the third interlayered insulating film is

exposed, and remaining the fourth wire material drffu-

45 sion preventing film in only the wiring groove. The first

and second removing back means may be a chemical
etching method using an activator. The second remov-
ing back means may be a polishing method. The etch-
ing stopper fam may comprise a silicon nitride.

so According to me present invention, there is further

.
provided a method of manufacturing a semiconductor
device comprising: a step of forming a wire layer having
a first wire material whose periphery is covered with a
first wire material diffusion preventing fam via an insulat-

55 ing layer on a substrate; a step of forming a first interlay-

ered insulating film, a second wire material diffusion

preventing film having an opened region where a con-
necting hole is to be formed and a second interlayered

insulating film having the insulation characteristic on the

4
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wire layer; a step of forming a first wiring groove in the

second interlayered insulating film; a step of removing

the first wire material diffusion preventing film portion

covering the first interlayered insulating film and an
upper surface of the first wire material via an opened
region in the second wire material diffusion preventing

film at a bottom portion of the first wiring groove, and
exposing the first wire, thereby faming an connecting

hole; a step of forming a third wire material diffusion pre-

venting f9m on a surface of the second wire material ob-

tusion preventing film, an inner side surface of the

connecting hole, an upper surface of the first wire mate-

rial and a surface of the second interlayered insulating

film; a step of removing the third wire material diffusion

preventing film on the upper surface of the first wire

material, while remaining the third wire material diffu-

sion preventing film on the side surface of the connect-

ing hole andona side surface of the first wiring groove;

and a step of embedding a second wire material in the

connecting hole and the first wiring groove. The step of

forming the wire layer may comprise: a sub-step of

faming a second wiring groove in a third interlayered

insulating film by using the lithography method and the

anisotropic etching method; and a sub-step of covering

a side surface of the first wire material with a third wire

material diffusion preventing film when a first wire mate-

rial is embedded in the second wiring groove. The step

of forming the wire layer may comprise: a sub-step of

faming a second wiring groove in a third interlayered

insulating film by using the lithography method and the

anisotropic etching method; a sub-step of forming a
second wire material diffusion preventing fBm on an
inner surface of the second wiring groove and an upper

surface of the third interlayered insulating fim; a sub-

step of forming the first wire material on the upper sur-

face of the first wire material diffusion preventing film,

removing back the second wire material diffusion pre-

venting film and the first wire material until the third

interlayered insulating film is exposed by the first remov-

ing back means, and simultaneously removing a first

wire material diffusion preventing film in the second wir-

ing groove and a part of the first wire materia); and a

sub-step of forming a third wire material diffusion pre-

venting film on an upper surface of a second wire mate-

rial diffusion preventing fim in the second wiring groove

whose at least a part is removed and the first wire mate-

rial, and removing back the third wire material diffusion

preventing film until the third interlayered insulating film

is exposed by using the second removing back means,

while remaining the third wire material diffusion prevent-

ing film in only the wiring groove. The etching stopper

film may comprise a silicon nitride.

Accadtng to the present invention, there is still fur-

ther provided a method of manufacturing a semiconduc-

ta device wherein a wire layer having a wire whose side

. surface is covered with a wire material diffusion prevent-

ing film is formed via an interlayered insulating film, a

method of manufacturing a contact hole for connecting

the wires comprising: a step of forming a wire layer hav-

ing a first wire material whose side surface is covered
with a wire material olffusion preventing film; a step of

forming a first interlayered insulating film on the wire

layer; a step of farning an etching stopper having a cop-

5 per diffusion preventing function on the tntertayered

insulating film; a step of coating a first resist on the etch-

ing stopper film, patterning the first resist at an upper
portion of the first wire materia) by using the lithography

method, using the patterned first resist as the mask.

w and removing back the etching stopper film by using the

anisotropic etching method, thereby forming a pattern

tor forming an connecting hole; a step of forming a sec-

ond interlayered insulating film in the pattern for forming

the connecting hole and a main surface of the etching

is stopper film after removing the first resist; a step of coat-

ing a second resist on the second interlayered insulat-

ing film, patterning the second resist at least at an upper

portion of the pattern for terming the connecting hole by
using the litrxigraphy method, using the patterned sec-

20 ond resist as the mask, and removing back the second
interlayered insulating film, thereby forming a first wiring

groove, using the etching stopper film patterned for

forming the connecting hole and the patterned second
resist as the mask removing back a wire materia) diffu-

25 sion preventing fam covering the interlayered insulating

fim and an upper surface of the first wire materia), to

expose the first wire materia), thereby forming an con-

necting hole; a step of forming a first wire material diffu-

sion preventing film on an inner surface of the first wiring

30 groove, on an upper surface of the second interlayered

insulating film, on a side surface of the connecting hole

and on an upper surface of the exposed first wire mate-
ria) after removing the patterned second resist; a step of

removing the first wire material diffusion preventing film

35 on the upper surface of the second interlayered insulat-

ing film and on the upper surface of the first wire mate-

rial by using the anisotropic etching method; and a step

of embedding a second wire material in the connecting

hole and the first wiring groove. The step of forming the

40 wire layer may comprise: a sub-step of forming a sec-

ond wiring groove in a third interlayered insulating film

by using the lithography method and the anisotropic

etching method; and a sub-step of covering a side sur-

face of the first wire material with a third wire materia)

45 diffusion preventing film when a first wire material is

embedded in the second wiring groove. The step of

forming the wire layer may comprise: a sub-step of

forming a second wiring groove in a third interlayered

insulating film by using the lithography method and the

so anisotropic etching method: a sub-step of forming a

second wire materia) diffusion preventing film on an
inner surface of the second wiring groove and an upper

surface of the third interlayered insulating film; a sub-

step of forming the first wire materia) on the upper sur-

55 face of the first wire material diffusion preventing film,

removing back the second wire material diffusion pre-

venting film and. the first wire materia) until the third

interlayered insulating fDm is exposed by the first remov-

ing back means, and simultaneously removing a first

5
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wire material diffusion preventing film in the second wir-

ing groove and a part of the first wire material; and a
sub-step of forming a third wire material diffusion pre-

venting film on an upper surface of a second wire mate-
rial diffusion preventing fIm in the second wiring groove
whose at least a part is removed and the first wire mate-
rial, and removing back the third wire material diffusion

preventing film until the third interlayered insulating film

is exposed by using the second removing back means,
while remaining the third wire material diffusion prevent-

ing film in only the wiring groove. The first and second
removing back means may be a chemical etching

method using an activator. The second back removing
means may be a polishing method. The etching stopper
film may comprise a silicon nitride.

According to the present invention, there is yet fur-

ther provided a method of manufacturing a semicorxkic-

tor device for electrically connecting a first metal wire

and a second metal wire formed in different layers of a
multi-layer wire structure on a substrate to each other

comprising: a step of forming the first metal wire whose
periphery is covered with a first film; a step of forming an
irrterlayered insulating film having a wiring groove on the
first metal wire; a step of forming a second film on a sur-

face of the inter-layered insulating film; a step of forming

a connecting hole extended from a bottom portion of the
wiring groove to the first metal wire; a step of forming a
third film at the bottom portion and a side surface of the
wiring groove and at a bottom portion and a side surface

of the connecting hole; a step of removing the third film

portion on the connecting hole bottom portion to expose
the first metal wire by using an anisotropic etching,

while remaining the third copper diffusion preventing

film portion on the side surfaces of the wiring groove
and the connecting hole; and a step of forming the sec-

ond metal wire which is electrically connected to the first

metal wire by embedding a metal material in the wiring

groove and the connecting hole, whereby the first metal

wire and the second metal wire are directly connected
to each other not via the third film portion on the contact

hole bottom portion, white the metal material in the con-
necting hole is covered with the film portion on the side

surface of the contact hole, the first and second metal

wires may be copper wires, and the first, second and
third films may be copper diffusion preventing films. The
copper diffusion preventing films may be a selected one
from a group of amorphous titanium SiN. amorphous
tungsten SiN, titanium nitride, tungsten, tantalum, nio-

bium, and tantalum aluminium. The first and second
metal wires may be aluminium wires, and the first, sec-

ond and third fOms may be reftow increasing films of alu-

minium. The reflow increasing film may be a selected

one from a group of amorphous titanium SiN, amor-,

phous tungsten SiN, titanium nitride, tungsten, tanta-

lum, niobium, and tantalum aluminium.

According to the present invention, there is further

provided a method of manufacturing a semiconductor

device for electrically connecting a first metal wire and a
second metal wire formed in different layers of a multi-

layer wire structure formed via respective insulating

tarns on a substrate to each other comprising: a step of
forming the first metal wire whose periphery is covered
with a first film; a step of sequentially forming a frst

5 intertayered insulating film on the first metal wire and a
second film haying an opening and a second intertay-

ered insulating film having a wiring groove within a
region where a connecting hole is to be formed; a step
of forming the connecting hole extended from a bottom

io portion of the wiring groove to the first metal wire via the
opening of the second film; a step of forming a third film

at the bottom portion and on a side surface of the wiring

groove and at a bottom portion and on a side surface of

the connecting hole; a step of removing the third film

is portion on the connecting hole bottom portion to expose
the first metal wire by using the anisotropic etching,

while remaining the third film portion on the side sur-

faces of the wiring groove and the connecting hole; and
a step of forming the second metal wire which is etectri-

20 cally connected to the first metal wire by embedding the

metal material in the wiring groove and the connecting
hole, whereby the frst metal wire and the second metal
wire are directly connected to each other not via the
third film portion on the contact hole bottom portion,

25 while the metal material in the connecting hole is cov-

ered with the third film on the side surface of the contact

hole. The first and second metal wires may be copper
wires, and the first, second and third films may be cop-
per diffusion preventing films. The copper diffusion pre-

30 venting films may be a selected one from a group of

amorphous titanium SiN, amorphous tungsten SiN, tita-

nium nitride, tungsten, tantalum, niobium, and tantalum

aluminium. The first and second metal wires are alumin-

ium wires, and the first second and third films may be
as reftow increasing films of aluminium. The reflow

increasing film may be a selected one from a group of

amorphous titanium SiN, amorphous tungsten SiN, tita-

nium nitride, tungsten, tantalum, niobium, and tantalum

aluminium.

40 According to the present invention, there is still fur-

ther provided a method of manufacturing a semiconduc-
tor device comprising: a step of forming a first metal
wire whose periphery is covered with a first film via an
insulating layer on a semiconductor substrate; a step of

4$ forming a first intertayered insulating film, a second f1m
and a second intertayered insulating film having an insu-

lation characteristic on the first metal wire; a step of

forming a first wiring groove in the second inter-layered

insulating film, by selectively etching the second inter-

so layered insulating fam until the second fim is exposed; a
step of removing a portion of the second f8m at a bottom
portion of the frst wiring groove, the second film and the

first film portion covering an upper surface of the first

intertayered insulating fim and the first metal wire, to

w expose the first metal wire, thereby forming an connect-

ing hole; a step of forming a third film on a surface of the

second film, on an inner side surfac of the connecting

hole and on an upper surface of the first metal wire; a
step of removing the third film portion on the upper sur-

6
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face of the first metal wire, while remaining the third film

portion on the side surface of the connecting hole and
on the side surface of the first wiring groove; and a step
of embedding a second metal wire in the connecting

hole and the first wiring groove. The first and second
metal wires may be copper wires, and the first second
and third films may be copper diffusion preventing f3ms.

The copper diffusion preventing films may be a selected

one from a group of amorphous titanium SiN, amor-

phous tungsten SiN, titanium nitride, tungsten, tanta-

lum, niobium, and tantalum aluminium. The first and
second metal wires may be aluminium wires, and the

first, second and third films may be reftow increasing

films of aluminium. The reflow increasing fam may be a
selected one from a group of amorphous titanium SiN,

amorphous tungsten SiN, titanium nitride, tungsten,

tantalum, niobium, and tantalum aluminium.

This invention can be more fully understood from

the following detailed description when taken in con-

junction with the accompanying drawings, in which:

FIG. 1 shows a cross sectional view of a process of

manufacturing a semiconductor device according to

a first embodiment of the present invention;

FIG. 2 shows a cross sectional view of a process of

manufacturing the semiconductor device according

to the first embodiment of the present invention;

FIG. 3 shows a cross sectional view of a process of

manufacturing the semiconductor device according

to the first embodiment of the present invention;

FIG. 4 shows a cross sectional view of a process of

manufacturing the semiconductor device according

to the first embodiment of the present invention;

FIG. 5 shows a cross sectional view of a process of

manufacturing the semiconductor device according

to the first embodiment of the present invention;

FIG. 6 shows a cross sectional view of a process of

manufacturing a semiconductor device according to

a second embodiment of the present invention;

FIG. 7 shows a cross sectional view of a process of

manufacturing the semiconductor device according

to the second embodiment of the present invention;

FIG. 8 shows a cross sectional view of a process of

manufacturing the semiconductor device according

to the second embodiment of the present invention;

FIG. 9 shews a cross sectional view of a process of

manufacturing the semiconductor device according

to the second embodiment of the present invention;

FIG. 10 shows a cross sectional view of a process

of manufacturing the semiconductor device accord-

ing to the second embodiment of the present inven-

tion;

FIG. 1 1 shows a cross sectional view of a process

of manufacturing the semiconductor device accord-

ing to the second embodiment of the present inven-

tion;

FIG. 12 shows a cross sectional view of a process

of manufacturing the semiconductor device accord-

ing to a third embodiment of the present invention;

FIG. 13 shows a cross sectional view of a process
of manufacturing the semiconductor device accord-

ing to the third embodiment of the present inven-

tion;

5 FIG. 14 shews a cross sectional view of a process
of manufacturing the semiconductor device accord*
ing to the third embodiment of the present inven-

tion;

FIG. 15 shows a cross sectional view of a process
io of manufacturing the semiconductor device accord-

ing to the third embodiment of the present inven-

tion;

FIG. 16 shows a cross sectional view of a process

of manufacturing the semiconductor device accord-

is ing to the third embodiment of the present inven-

tion;

FIG. 17 shows a cross sectional view of a process N

of manufacturing a semiconductor device according

to a fourth embodiment of the present invention;

20 FIG. 18 shows a cross sectional view of a process

of manufacturing the semiconductor device accord-

ing to the fourth embodiment of the present inven-

tion;

FIG. 19 shows a cross sectional view of a process

25 of manufacturing a semiconductor device according

to a fifth embodiment of the present invention;

FIG. 20 shows a cross sectional view of a process

of manufacturing a semiconductor device according

to a sixth embodiment of the present invention;

30 FIG. 21 shows a cross sectional view of a process

of manufacturing a semiconductor device according

to a seventh embodiment of the present invention;

FIG. 22 shows a cross sectional view of a process

o* manufacturing a semiconductor device according

6 to an eight embodiment of the present invention;

FIG. 23 shows a cross sectional view of a process

of manufacturing a semiconductor device according

to a ninth embodiment of the present invention;

FIG. 24 shows a cross sectional and perspective

to view of a process of manufacturing a semiconduc-

tor device according to a conventional method;

FIG. 25 shows a cross sectional view of a process

of manufacturing a semiconductor device according

to the conventionaJ method;

«5 FIG. 26 shows a cross sectional view of a process

of manufacturing a semiconductor device according

to the conventional method; and
FIG. 27 shows a cross sectional view of a process

of manufacturing a semiconductor device according

so to the conventional method.

A first embodiment of the present invention will be
explained in detail by using FIGS. 1 to 5 of the accom-
panying drawings. As shown in FIG. 1, an etching stop-

55 per film 1 00 comprising a silicon nitride whose thickness

rs about 1 00 nm is formed on a serniconductor substrate

fay using a CVD method. Next, an irrtertayered insulating

flm 105 whose thickness is about 0.2 to 1.0 urn com-
prising a silicon dioxide is formed on the etching stopper

7
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mm 100 by the using the CVD method. Next a wiring
groove 1 10 is formed in the interfered insulating fdm
105 by using a usual lithography method and an aniso-
tropic etching method. Next a copper diffusion prevent-
ing fflm 1 15 whose thickness is about 50 nm comprising
the silicon nitride is formed on an inner surface of the
wiring groove 1 10 and a main surface of the interfered
insulating fam 105 by using a sputter method or the
CVD method. Next, a metal wire material 120 having
the main component of a copper or comprising a pure
copper is formed on the copper diffusion preventing film

115 by using the sputter method or the CVD method.
Next the copper diffusion preventing film 115 and the
metal wire material 120 are removed back by using a
usual removing back method until the intertayered insu-
lating film 1 05 is exposed. Thereby, the copper diffusion

preventing film and the metal wire are formed in the wir-

ing groove 1 10. tn such a manner, a lower-layered wire
structure 191 is formed on the semiconductor substrata

As described above, in general, a silicon nitride film

is used as the etching stopper fflm 100. Silicon nitride

film has a sufficiently large etching ratio relative to the
interlayered insulating film comprising the silicon diox-
ide, and has an excellent insulating property.

Furthermore, an etch back method having an excel-
lent anisotropy and an excellent work controllability or a
chemical etching method using an activator is used as
removing back means. Furthermore, in order that an
excess heat is not applied to the semiconductor device,
polishing by a CMP apparatus may be used as the
removing back means.

Furthermore, most effectively, although a silicon

nitride film which can be easily formed is used as the
copper diffusion preventing film 1 15 formed in the wiring

groove 110, this is not limited. Such a material as amor-
phous titanium SiN, amorphous tungsten SiN, titanium
nitride, tungsten, tantalum, niobium, tantalum alumin-
ium or the like having a slow diffusion rate of the copper
may be used. As described later, since a portion of the
copper diffusion preventing film 1 1 5. which is at the con-
tact portion of the wire layer in the upper-layered wiring

structure and the wire layer in the lower-layered wiring

structure, is removed at a later step, the copper diffusion

preventing film 1 15 may be made of conductive material
or insulative material.

Next as shown in FIG. 2. a copper diffusion pre-
venting film 125 whose thickness is about 50 nm com-
prising the silicon nitride is formed on the interlayered

insulating film 105 by using the sputter method or the
CVD method. Next an interlayered insulating rim 130
whose thickness is about 0.5 urn comprising the silicon

dioxide is formed on the copper diffusion preventing film

125 by using the CVD method. Next, an etching stepper
film 135 whose thictaiess is about 100 nm comprising
the silicon nitride is formed on the intertayered insufat- t

ing film 1 30 by using the CVD method. Next an interlay-

ered insulating film 1 40 is formed on the etching stopper
film 135 by using the CVD method. Next, a wiring

groove 145 is formed in the interlayered insulating film

140 by using the usual lithography method and the ani-
sotropic etching method. Next a copper tffrusion pre-
venting film 150 whose thickness is about 50 nm
comprising the silicon nitride is formed on the inner sur-

5 face of the wiring groove 145 and th main surface of
the interlayered insulating film 140 by using the CVD
method. In such a manner, an upper layer wire structure

192 is formed on the interlayered insulating fim 130.

Next as shown in FIG. 3. a resist (not shown) is

10 coated on the copper cfiffusion preventing film 150, and
the resist is patterned by using the usual lithography

method. Next, the patterned resist {not shown) is used
as a mask, thereby the copper diffusion preventing fam
150, the etching stopper film 135, the intertayered insu-

is fating fam 130 and the copper diffusion preventing fBm
125 are sequentially removed by using the anisotropic
etching method. The metal wire material 120 is

exposed, thereby connecting holes 155 and 160 for

connecting the upper layer wire structure 192 and the
so lower layer wire structure 1 91 are formed.

Next, as shown in FIG. 4, a copper diffusion pre-
venting film 165 whose thickness is about 50 nm com-
prising the silicon nitride is formed by the CVD method.
By such a manner, the film thickness of the copper dif-

25 fusion preventing film portion of a wiring groove bottom
portion 1 70 can be (about twice) thicker than that of the
copper diffusion preventing film portion of an connecting
hole bottom portion 175. Furthermore, the copper diffu-

sion preventing film can be formed on the side surface
30 of the connecting holes 155 and 160.

Next, as shown in FIG. 5. the copper diffusion pre-
venting film of an connecting hole bottom portion 1 75 is

removed by the anisotropic etching method without
using the mask. In this case, a part of the copper drffu-

35 sion preventing fflm of a wiring groove bottom portion
170 is also removed. However, as descrfoed above, the
f8m thickness of the copper diffusion preventing film

portion of the wiring groove bottom portion 1 70 is thicker

than that of the copper diffusion preventing film portion
40 of the connecting hole bottom portion 1 75. Accordingly,

as sham) m FIG. 5, the copper diffusion preventing film

portion of the connecting hole bottom portion 175 is

removed, while, the copper diffusion preventing film por-
tion of the wiring groove bottom portion 170 can be

« remained. Thereafter, the metal wire material having the
main component of the copper or containing the pure
copper is embedded in the connecting holes 155, 160
and the wiring groove 145. Thereby, the semiconductor
device having the multi-layer wire structure is manutac-

so tured.

According to the method of manufacturing of the
first embocfiment as described above, the copper cfiffu-

sion preventing film portion except for the connecting
hole bottom portion can be remained, and the copper

55 diffusion preventing film portion of the connecting hole
bottom portion can be removed. Accordingly, it is possi-
ble to prevent the electromigration and the resistance

increase of the wire in the connecting hole occurreddue
to the existence of the copper diffusion preventing fam

8
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portion of the connecting hole bottom portion.

Next a second embodiment win be explained in

detail by using FIGS. 6 to 11 of the accompanying draw-
ings. As shown in FIG. 6, an etching stopper f3m 500
whose thickness is about 100 nm comprising the silicon s

nitride is formed on the semiconductor substrate by
using the CVD method. Next an interiayered insulating

film 505 whose thicfoess is about 0.2 to 1.0 Mm com-
prising the silicon dioxide is formed on the etching stop-

per film 500 by the using the CVD method. Next, a io

wiring groove 510 is formed in the interiayered insulat-

ing film 505 by using the usual lithography method and
the anisotropic etching method. Next, a copper diffusion

preventing film 515 whose thickness is about 50 nm
comprising the silicon nitride is formed on the inner sur- is

face of the wiring groove 510 and the main surface of

the interiayered insulating fOm 505 by using the sputter

method or the CVD method. Next, a metal wire material

520 having the main component of the copper or con-
taining the pure copper is formed on the copper diffu- 20

sion preventing film 515 by using the sputter method or

the CVD method.

Next as shown in FIG. 7, the copper diffusion pre-

venting film 515 and the metal wire material 520 is

removed back by using the removing back method. 25

Thereby, the main surface of interiayered insulating film

505 is exposed, and the copper diffusion preventing film

515 and the metal wire material 520 in the wiring groove
510 are also removed back by a predetermined thick-

ness. 20

Here, the chemical etching method, for example, a
reactive ion etching method (as referred as a RIE
method below) using the activator is used as removing

back means. The RIE method has the excellent anisot-

ropy and an excellent fine workability. 35

Next as shown in FIG. 8. a copper diffusion pre-

venting film 516 comprising the silicon nitride is formed
on the exposed interiayered insulating film 505 and
metal wire material 520 by using the CVD method or

using sputtering method. 40

Next as shown in FIG. 9, the copper diffusion pre-

venting film 516 is removed back by using the RIE
method or the CMP (chemical mechanical polishing)

apparatus until the interiayered insulating film 505 is

exposed. Thereby, the copper diffusion preventing film 45

515. 516 and the metal wire material 520 are formed in

the wiring groove 510. In such a manner, a lower-lay-

ered wire structure 591 is formed on the semiconductor

substrate.

Furthermore, most effectively, although the silicon so

nitride film which can be easily formed is used as the

copper diffusion preventing films 51 5 and 516, this is not

limited. Such a material as the amorphous titanium SiN.

the amorphous tungsten SiN, the titanium nitride, the

tungsten, the tantalum, niobium, tantalum aluminium or 55

the like having the extremely slow diffusion rate of the

copper may be used.

Next as shown in FIG. 10. the same process as the

process shown in FIGS. 2 to 5 according to the first

emboolment is carried out thereby the semiconductor
device having the multi-layer wire structure is manufac-
tured.

According to the method of manufacturing of the
second embodiment, similarly to the first embodiment
the copper diffusion preventing fOm portion except for

the connecting hole bottom portion can be remained,
and the copper diffusion preventing film portion of the
connecting hole bottom portion can be removed.
Accordngly, it is possible to prevent the disconnection

of the wire caused due to the electromigration and the

resistance increase of the wire in the connecting hole

caused by the existence of the copper diffusion prevent-

ing film portion of the connecting hole bottom portion.

Furthermore, according to the second embodiment,
differently from the first embodiment, since the copper
diffusion preventing film does not exist between the
interiayered insulating films 505 and 530. as shown in

FIG. 11. it is possible to easily form a through hole 595
connected to a further lower-layered structure (accord-
ing to the second embodiment the semiconductor sub-
strate) than the tower-layered wire structure 591

.

Next a third embodiment will be explained in detail

by using FIGS. 12 to 16 of the accompanying drawings.
As shown in FIG. 12, the same method as the method
shown in FIG. 1 accordng to the first embodiment is

used, thereby a lower-layered wire structure 791 is

formed.

Next as shown in FIG. 13, a copper diffusion pre-

venting film 725 whose thickness is 50 nm comprising

the silicon nitride is formed on an interiayered insulating

film 705 by using the sputter method or the CVD
method. Next an interiayered Insulating film 730 whose
thickness is about 0.5 jim comprising the silicon dioxide

is formed on the copper diffusion preventing film 725 by
the CVD method. Next an etching stopper film 735
whose thickness is about 200 nm comprising the silicon

nitride is formed on the interiayered insulating fam 730
by the CVD method. Next, the etching stopper fim 735
is patterned for forming the connecting hole by using the

usual lithography method and anisotropic etching

method. Furthermore, an interiayered insulating fim
740 is formed on the patterned etching stopper film 735
by the CVD method. Thereby, an upper layered wire

structure 792 is formed on the interiayered insulating

fim 730. Furmermore. the thickness of the etching stop-

per fim 735 is about 200 nm, and the thickness of the

etching stopper film 735 is formed in such a manner that

it is (about twice) thkto trw triat according to the first

and second embodiments.

Next as shown in FIG. 14, the resist (not shown) is

coated on the interiayered insulating film 740, and the

resist is patterned by using the usual lithography

method. Next using the patterned resist (not shown) as
a mask, the interiayered insulating film 740 is removed
by using the anisotropic etching method, thereby a wir-

ing groove 745 is formed. Furthermore, in this etching

process, sequentially, using the etching stopper fim 735
as the mask, the interiayered insulating fim 730 is etch-
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ing-removed. Thereby, connecting holes 760 and 755
are formed, and a wire material 720 is exposed.

Furthermore, in this process, the wiring groove 745
is formed and the connecting holes 755 and 760 are
sequentially formed. Accordingly, when the wiring s
groove 745 is formed, the etching stopper film 735
serves as the etching stopper film. On the other hand,
when the connecting holes 755 and 760 are formed, the
etching stopper film 735 serves as the mask Thus,
when the connecting holes 755 and 760 are formed, the io

film thickness of the etching stopper film 735 must be
tNcWy formed so that the interlayered insulating film 730
may not be exposed by the etching-removal of the inter-

layered insulating film 730. The film thickness thereof is

determined by an etching condition (such as a kind of is

etchant gas, an etching time. eta), an etching ratio of

the etching stopper film 735 and the connecting hole
and the like.

Next as shown in FIG. 15, a copper diffusion pre-
venting fam 765 whose thickness is 50 nm comprising so
the silicon nitride is formed by using the sputter method
or the CVD method.

Next as shown in FIG. 16, the copper diffusion pre-
venting film 765 portion of an connecting hole bottom
portion 775 is etching-removed by using the anisotropic ss
etching method without using the mask. In this case, the
upper surface of the interlayered insulating fOm 740 and
the copper diffusion preventing film 765 portion of an
wiring groove bottom portion 770 are also simultane-
ously removed. In the wiring groove bottom portion 770, 30

since the etching stopper fim 735 exists, the interlay-

ered insulating tarn 730 is not exposed. Furthermore,
thereafter, the metal wire material having the main com-
ponent of the copper or containing the pure copper is

embedded in the connecting holes 760, 755 and the wir- as

ing groove 745. Thereby, the serrtconductor device hav-
ing the multi-layer wire structure is manufactured.

Furthermore, since the etching stopper film 735
comprises the material (in this case, the silicon nitride)

having a copper diffusion preventing function, the cop- 40

per atom contained in the wire material is not diffused to
the interlayered insulating fim 730 via the wiring pobve
bottom portion 770.

According to the method of manufacturing of the
third embodiment as described above, the copper drffu- 45

sion preventing fim portion of the connecting hole bot-

tom portion can be re#Twved. Accordingly, it is possible

to prevent the disconnection of the wire caused due to

the eiectromigration and the resistance increase of the
wire in the connecting hole caused by the existence of so

the copper diffusion preventing film portion of the con-

necting hole bottom portion.

Next a fourth embodiment will be explained in detail

by using FIGS. 17 and 18 of the acconpanying draw-
ings. As shown in FIG. 17, the similar process to the ss

process shown in FIGS. 6 to 9 is carried out. thereby a
lower-layered structure 1191 is formed. In the lower-lay-

ered structure 1 191 . an inteirtayered insulating fflm 1 105
and a wiring groove 1 1 10 are formed. A periphery of the

wiring groove 1 1 10 is covered with copper diffusion pre-
venting films 1116 and 1115, and a wire material 1120
is embedded therein.

Next the similar process to the process shown in

FIGS. 13 to 16 according to the third embodiment is car-
ried out thereby the serniconductor device having the
multi-layer wire structure shown in RG 18 is manufac-
tured.

Furthermore, most effectively, although the silicon

nitride fim which can be easily formed is used as the
copper diffusion preventing film 1115. 1116, this is not
limited. Such a material as the amorphous titanium SiN.
the amorphous tungsten SiN, the titanium nitride, the
tungsten, the tantalum, niobium, tantalum aluminium or
the like having the extremely slow diffusion rate of the
copper may be used.

As described above, according to the method of

manufacturing of the fourth embodiment similarly to the
third embodiment, the copper diffusion preventing fim
portion of the connecting hole bottom portion can be
removed. Accordingly, it is possible to prevent the eiec-

tromigration and the resistance increase of the wire in

the connecting hole caused by the existence of the cop-
per diffusion preventing film portion of the connecting
hole bottom portion.

In the above embodiments, a silicon nitride fim, i.e.,

an insulating fim, is used as the copper tfffusion pre-
venting film; however, the present invention is not lim-

ited thereto, except for 125 in FIG. 5 and 725 in FIG. 16.

As descrfoed above, for example, amorphous titanium
SiN. amorphous tungsten SiN. titanium nitride, tung-
sten, tantalum, niobium, tantalum, aluminium or the like

may be used. FIGS. 19. 20. 21 and 22 correspond to

FIGS. 5, 11, 16 and 18, respectively, and show cross
sectional views of serniconductor devices in which con-
ductive fims such as tungsten fflms are used as the
copper diffusion preventing fims, except for 125 in FIG.

5 and 725 in FIG. 16.

Furthermore, according to the above embodiments,
although the wiring grpoves formed in the upper-layered
structure are parallel to the wiring grooves formed in the
tower layer structure, as shown in FIG. 23. an upper-lay-

ered wire 1 1 17 and a lower-layered wire 1118 may be
arranged in such a manner that these wires cross each
other.

Furthermore, according to the above embodiments,
the metal film is a copper film; however, the present
invention is not restricted thereto A material whose
main component is aluminum or a material comprising a
pure aluminum may be used as the metal film. In this

case, the copper diffusion preventing film is replaced by
a film for increasing the reflow of aluminium or the dura-
ble length of time of the aluminium wire. Material of such
a film may be amorphous titanium SiN, amorphous
tungsten SiN, titanium nitride, tungsten, tantalum, nio-

bium, tantalum aluminium or the like.

Furthermore, when an arrangement of the wire is

restricted to a design of the semiconductor device, pref-

erabry, the wires of the upper and lower layers are

10
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extended parallel to each other.

Furthermore, accordng to the present invention,

the f3m portion of the connecting hole bottom portion

can be removed. Accordingly, it is possible to prevent

the electromigration and the resistance increase of the 5

wire in the connecting hole caused by the existence of

the film portion of the connecting hole bottom portion.

Furthermore, the flexibility of the wire arrangement is

increased.

Thus, according to the present invention, a high io

integrated semiconductor circuit for example, ORAM,
SRAM, ORAM Logic LSI which requires to reduce the

wire resistance, to extend a durable length of time of the

wire, to enhance the flexibility of the wire arrangement
or to prevent the wire material from diffusion therea- is

round can be preferably used.

According to the present invention, as described

above, only the film portion of the connecting hole bot-

tom portion can be removed. Accordingly, a reduction of

the durable length of time of the wire due to the elec- so

tromigration and the resistance of the wire caused by
the existence of the film portion of the connecting hole

bottom portion can be suppressed. Furthermore, a
deterioration of the characteristic of the semiconductor

device due to the resistance increase of the wire in the 2$

connecting hole can be suppressed.

Claims

1 . A method of manufacturing a semiconductor device so

for electrically connecting a first copper wire and a
second copper wire formed in different layers of a
multi-layer wire structure on a substrate to each
other characterized by comprising:

35

a step of forming said first copper wire (120)

whose periphery is covered with a first copper

diffusion preventing f9m (1 15);

a step of forming an irrterlayered insulating film

(140) having a wiring groove on said first cop- *o

per wire;

a step of forming a second copper diffusion

preventing f3m (150) on a surface of said inter-

layered insulating film;

a step of forming a connecting hole (155. 160) *s

extended from a bottom portion of said wiring

groove to said first copper wire;

a step of forming a third copper diffusion pre-

venting film (165) at the bottom portion and a
side surface of said wiring groove and at a bot- so

torn portion and a side surface of said connect-

ing hole;

a step of removing said third copper diffusion

preventing fflm portion on said connecting hole

bottom portion (175) to expose said first copper «
wire by using an anisotropic etching, while

remaining said third copper diffusion prevent-

ing film portion on the side surfaces of said wir-

ing groove and said connecting hole; and

a step of forming said second copper wire

which is electrically connected to said first cop-

per wire by embedding a copper material in

said wiring groove and said connecting hole.

whereby said first copper wire and said

second copper wire are directly connected to

each ether not via said third copper diffusion

preventing film portion on said contact hole bot-

tom portion, while said copper material in said

connecting hole is covered with said third cop-

per cfiffusion preventing film portion on the side

surface of said wiring groove.

2. A method of manufacturing a serriconductor

device, according to claim 1, characterized in that

said copper diffusion preventing fBm are a selected

one from a group of amorphous titanium SiN, amor-
phous tungsten SiN, titanium nitride, tungsten, tan-

talum, niobium, and tantalum aluminium.

3. A method of manufacturing a semiconductor device

tor electrically connecting a first copper wire and a
second copper wire formed in different layers of a
multi-layer wire structure formed via respective

insulating films on a substrate to each other charac-

terized by comprising:

a step of forming said first copper wire (120)

whose periphery is covered with a first copper

diffusion preventing film (115);

a step of sequentially forming a first inter-lay-

ered insulating film (130) on said first copper

wire and a second copper diffusion preventing

film (150) having an opening and a second
irrterlayered insulating film (140) having a wir-

ing groove within a region where a connecting

hole is to be formed;

a step of forming the connecting hole (155.

160) extended from a bottom portion of said

wiring groove to said first copper wire via said

opening of said second copper diffusion pre-

venting film;

a step of forming a third copper diffusion pre-

venting fflm (165) at the bottom portion and on
a side surface of said wiring groove and at a
bottom portion and on a side surface of said

connecting hole;

a step of removing said third copper diffusion

preventing film portion on said connecting hole

bottom portion to expose said first copper wire

by using the anisotropic etching, while remain-

ing said third copper diffusion preventing film

portion on the side surfaces of said wiring

groove and said connecting hole; and

a step of forming said second copper wire

which is electrically connected to said first cop-

.
per wire by embedding the copper material in

said wiring yoove and said connecting hole,

whereby said first copper wire and said

11
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second copper wire are directly connected to

each other not via said third copper diffusion

preventing film portion on said contact hole bot-

tom portion, while said copper material in said

connecting hole is covered with said third cop- 5
per diffusion preventing film on the side surface

of said contact hole.

A method of manufacturtng a semiconductor

device, according to claim 3. characterized in that 10

said copper diffusion preventing fQm are a selected

one from a group of amorphous titanium SiN, amor-

phous tungsten SiN. titanium nitride, tungsten, tan-

talum, niobium, and tantalum aluminium.

15

A method of manufacturing a semiconductor device

characterized by comprising:

a step of forming a first metal wire (1 20) having

a first wire material whose periphery is covered 20

with a first wire material diffusion preventing

film (1 15) via an insulating layer on a semicon-

ductor substrate;

a step of forming a first intertayered insulating

film (130). an etching stopper film (135) and a 25

second interlayered insulating film (140) having

an insulation characteristic on said first metal

wire;

a step of forming a first wiring groove (145) in

said second interlayered insulating film, and $0

forming a second wire material diffusion pre-

venting film (150) on an upper surface of said

second interlayered insulating film and on an
inner surface of said first wiring groove;

a step of removing said second wire material 35

diffusion preventing tarn portion at a bottom

portion of said first wiring groove, said etching

stopper film and said first wire material diffu-

sion preventing film portion covering an upper

surface of said first interlayered insulating film 40

and said first metal wire, to expose said first

metal wire, thereby forming an connecting

hole;

a step of forming a third wire material diffusion

preventing film (165) on a surface of said sec- 4S

ond wire material diffusion preventing film, on
an inner side surface of said connecting hole

and on an upper surface of said first metal wire;

a step of removing said third wire material diffu-

sion preventing film portion on the upper sur- so

face of said first metal wire, while remaining

said third wire material diffusion preventing film

portion on the side surface of said connecting

hole and on the side surface of said first wiring

groove; and 55

a step of embedding a second metal wire in

said connecting hole and said first wiring

groove.

6. A method of manufacturing a semiconductor device

characterized by comprising:

a step of forming a wire layer (120) having a
first wire material whose side surface is cov-

ered with a wir material diffusion preventing

film (115);

a step of forming a first interlayered insulating

film (130) on said wire layer;

a step of forming an etching stopper fflm (135)

on said interiaminar insulating layer;

a step of forming a second interlayered insulat-

ing film (140) on said etching stopper ftm;

a step of coating a first resist on said second
interlayered insulating film, patterning said first

resist at the upper portion of said first wire

material by a lithography method, using said

patterned first resist as a mask, and etching-

removing said second interlayered insulating

film by using the anisotropic etching until said

.
etching stopper film is exposed, thereby form-

ing a first wiring groove (140) in said second
interlayered insulating film;

a step of forming a first wire material diffusion

preventing film (150) on the upper surface of

said second interlayered insulating film and on
the inner surface of said first wiring groove after

removing said first resist;

a step of coating a second resist on said first

wire material diffusion preventing film, pattern-

ing said second resist in said first wiring groove

by the lithography method, using said pat-

terned second resist as the mask, and remov-

ing said first wire material diffusion preventing

film portion of said first wiring groove bottom

portion, said etching stopper film and said wire

material diffusion preventing film portion cover-

ing the upper surface of said first interlayered

insulating film and said first wire material,

exposing said first wire material, thereby form-

ing an connecting hole (155. 160);

a step of forming a second wire material diffu-

sion preventing film (165) at least on a surface

of said first wire material diffusion preventing

film, on a side surface of said connecting hole

and on an upper surface of said first wire mate-

rial;

a step of removing said second wire material

diffusion preventing film portion on the upper

surface of said first wire material by using the

anisotropic method, white remaining a second

wire material oaffusion preventing film portion

on the side surface of said connecting hole and

on a side surface of said first wiring groove; and
a step of embedding a second wire material in

said connecting hole and said first wiring

groove.

7. A method of manufacturing a semiconductor device

12
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according to claims 5 and 6. wherein said step of

forming said wire layer characterized by compris-

ing;

a sub-step of forming a second wiring groove in 5

a third intertayered insulating film by using the

lithography method and the anisotropic etching

method;

a sub-step of forming a first wire materia)

whose only surface contacted to said second to

wiring groove of said first wire material is cov-

ered with a third wire material diffusion prevent-

ing film when said first wire material is

embedded in said second wiring groove; and
a sub-step of forming a fourth wire material <fif- is

fusion preventing film on an upper surface of

said third intertayered insulating film and on an
upper surface of said first wire material embed-

ded in said second wiring groove.

so

A method of manufacturing a semiconductor device

according to claims 5 and 6, wherein said step of

forming said wire layer characterized by compris-

ing:

25

a sub-step of forming a second wiring groove in

a third intertayered insulating film by using the

lithography method and the anisotropic etching

method;

a sub-step of forming a third wire material drffu- 30

sion preventing film on an inner surface of said

second wiring groove and on an upper surface

of said third intertayered insulating film;

a sub-step of forming said first wire material on
an upper surface of said first wire material dif- ss

fusion preventing film;

a sub-step of removing back said tiadded third

wire material diffusion preventing film and said

first wire material by first removing back means
until said third intertayered insulating film is *o

exposed, and simultaneously removing back a
part of a third wire material diffusion preventing

film portion in said second wiring groove and a
part of said first wire materia);

a sub-step of forming a fourth wire material dif- «s

fusion preventing film on an upper surface of

said third wire material diffusion preventing film

portion in said second wiring groove whose a
part is removed and said first wire material

whose a part is removed; and so

a sub-step of removing back said fourth wire

material diffusion preventing film portion by

second removing back means until said third

intertayered insulating flm is exposed, and

remaining said fourth wire material diffusion 55

preventing film in only said wiring groove.

A method of manufacturing a semiconductor device

characterized by comprising:

a step of forming a wire layer (120) having a
first wire material whose periphery is covered

with a first wire material diffusion preventing

film via an insulating layer on a semiconductor

substrate;

a step of forming a first intertayered insulating

film (705). a second wire material diffusion pre-

venting fim (725) having an opened region

where a connecting hole is to be formed and a
second interiayered insulating film (730) having

the insulation characteristic on said wire layer;

a step of forming a first wiring groove (745) in

said second intertayered insulating film;

a step of removing said first wire material diffu-

sion preventing film portion covering said first

intertayered insulating film and an upper sur-

face of said first wire material via an opened
region in said second wire material diffusion

preventing film at a bottom portion of said first

wiring groove, and exposing said first wire,

thereby forming an connecting hole (755. 760);

a step of forming a third wire material diffusion

preventing film (765) on a surface of said sec-

ond wire material diffusion preventing film, an
inner side surface of said connecting hole, an
upper surface of said first wire material and a
surface of said second interiayered insulating

film;

a step of removing said third wire material diffu-

sion preventing film on the upper surface of

said first wire material, while remaining said

third wire material diffusion preventing film on
the side surface of said connecting hole and on

a side surface of said first wiring groove: and
a step of embedding a second wire material in

said connecting hole and said first wiring

groove.

10. A method of rmnufecturing a semicorxiuctor device

wherein a wire layer having a wire whose side sur-

face is covered with a wire material diffusion pre-

venting film is formed via an interiayered insulating

fim, a method of manufacturing a contact hole for

connecting said wires characterized by comprising:

a step of forming a wire layer (720) having a

first wire material whose side surface is cov-

ered with a wire material diffusion preventing

film (715);

a step of forming a first interiayered insulating

film (730) on said wire layer;

a step of forming an etching stopper (735) hav-

ing a copper diffusion preventing function on

said intertayered insulating film;

a step of coating a first resist on said etching

stopper fim. patterning said first resist at an

upper portion of said first wire material by using

the lithography method, using said patterned

first resist as the mask, and removing back said

13
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etching stopper fBm by using the anisotropic

etching method, thereby forming a pattern for

forming an connecting note;

a step of forming a second interiayered insulat-

ing film (740) in said pattern for forming the 5

connecting hole and a main surface of said

etching stopper film after removing said first

resist;

a step of coating a second resist on said sec-

ond interiayered insulating film, patterning said io

second resist at least at an upper portion of

said pattern for forming the connecting note by

using the lithography method, using said pat-

terned second resist as the mask, and remov-

ing back said second interiayered insulating is

film, thereby forming a first wiring groove (745),

using said etching stopper film patterned for

forming the connecting hole and said patterned

second resist as the mask removing back a
wire material diffusion preventing fflm covering 20

said interiayered insulating film and an upper

surface of said first wire material, to expose

said first wire material, thereby forming an con-

necting hole (755, 760);

a step of forming a first wire material diffusion 25

preventing film (765) on an inner surface of

said first wiring groove, on an upper surface of

said second interiayered insulating film, on a
side surface of said connecting hole and on an

upper surface of said exposed first wire mate- so

rial after removing said patterned second

resist;

a step of removing said first wire material diffu-

sion preventing film on the upper surface of

said second interiayered insulating film and on 35

the upper surface of said first wire material by

using the anisotropic etching method; and

a step of embedding a second wire material in

said connecting hole and said first wiring

groove. 40

11. A method of manufacturing a semiconductor device

according to daims 9 and 10, wherein said step of

forming said wire layer characterized by compris-

ing: 45

a sub-step of forming a second wiring groove in

a third interiayered insulating film by using the

lithography method and the anisotropic etching

method; and so

a sub-step of covering a side surface of said

first wire material with a third wire material dif-

fusion preventing film when a first wire material

is embedded in said second wiring groove.

55

12. A method of manufacturing a semiconductor device

according to daims 9 and 10, wherein said step of

forming said wire layer characterized by compris-

ing:

a sub-step of forming a second wiring groove in

a third interiayered insulating film by using the

lithography method and the anisotropic etching

method;

a sub-step of forming a second wire material

diffusion preventing flm on an inner surface of

said second wiring yoove and an upper sur-

face of said third interiayered insulating film;

a sub-step of forming said first wire material on
the upper surface of said first wire material dif-

fusion preventing film, removing back said sec-

ond wire material diffusion preventing flm and
said first wire material until said third interiay-

ered insulating film is exposed by the first

removing back means, and simultaneously

removing a first wire material diffusion prevent-

ing film in said second wiring groove and a part

of said first wire material; and
a sub-step of forming a third wire material diffu-

sion preventing film on an upper surface of a
second wire material diffusion preventing fflm

in said second wiring groove whose at least a
part is removed and said first wire material, and
removing back said third wire material diffusion

preventing film until said third interiayered insu-

lating film is exposed by using the second

removing back means, while remaining said

third wire material diffusion preventing film in

only said wiring groove.

13. A method of manufacturing a semiconciuctor device

according to claims 8 and 12. characterized in that

said first and second removing back means is a

chemical etching method using an activator.

14. A method of manufacturing a semiconductor device

according to claims 8 and 12, characterized in that

said second removing back means is a polishing

method.

15. A method of manufacturing a serniconductor device

according to daims 5, 6, 9 and 10 characterized in

that said etching stopper film comprises a silicon

nitride.

16. A method of manufacturing a semiconductor device

for electrically connecting a first metal wire and a

second metal wire formed in drfferent layers of a
multi-layer wire structure on a substrate to each

other characterized by comprising:

a step of forming said first metal wire (120)

whose periphery is covered with a first film

(115):

a step of forming an interiayered insulating f3m
(105) having a wiring groove on said first metal

wire;

a step of forming a second fim (125) on a sur-

face of said interiayered insulating film;

14
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a step of forming a connecting hoi (155. 160)
extended from a bottom portion of said wiring

groove to said first metal wire;

a step of forming a third film (1 50) at the bottom

. portion and a side surface of said wiring groove s

and at a bottom portion and a side surface of

said connecting hole;

a step of removing said third fBm portion on
said connecting hole bottom portion (175) to

expose said first metal wire by using an anise- io

tropic etching, while remaining said third cop-

per diffusion preventing f3m portion on the side

surfaces of said wiring groove and said con-

necting hole; and

a step of forming said second metal wire which is

is electrically connected to said first metal wire

by embedding a metal materia) in said wiring

groove and said connecting hole.

whereby said first metal wire and said

second metal wire are directly connected to so

each other not via said third film portion on said

contact hole bottom portion, while said metal

material in said connecting hole is covered with

said film portion on the side surface of said

contact hole. 25

17. A method of manufacturing a semiconductor

device, according to claim 16. said first and second
metal wires are copper wires, and said first, second
and third films are copper diffusion preventing fDms. 30

18. A method of manufacturing a semiconductor

device, according to claim 17. characterized in that

said copper diffusion preventing films are a
selected one from a group of amorphous titanium as

SiN, amorphous tungsten SiN, titanium nitride,

tungsten, tantalum, niobium, and tantalum alumin-

ium.

19. A method of manufacturing a semiconductor 40

device, according to claim 16. said first and second
metal wires are aluminium wires, and said first, sec-

ond and third films are reflow increasing films of

aluminium.

4$

20. A method of manufacturing a semicaiductor

device, according to claim 19, characterized in that

said reflow increasing film are a selected one from

a. group of amorphous titanium SiN. amorphous
tungsten SiN, titanium nitride, tungsten, tantalum, so

niobium, and tantalum aluminium.

21 . A method of manufacturing a serrticonductor device

for electrically connecting a first metal wire and a

second metal wire formed in different layers of a 55

multi-layer wire structure formed via respective

insulating films on a substrate to each other charac-

terized by comprising:

a step of forming said first metal wire (520)

whose periphery is covered with a first film

(51?);

a step of sequentially forming a first interlay-

ered insulating fflm (505) on said first metal
wire and a second film (516) having an opening
and a second interlayered insulating flm (530)
having a wiring groove within a region where a
connecting hole is to be formed;

a step of forming the connecting hole (555.

560) extended from a bottom portion of said

wiring groove to said first metal wire via said

opening of said second film;

a step of forming a third film (550) at the bottom
portion and on a side surface of said wiring

groove and at a bottom portion and on a side

surface of said connecting hole;

a step of removing said third film portion on
said connecting hole bottom portion to expose
said first metal wire by using the anisotropic

etching, while remaining said third film portion

on the side surfaces of said wiring groove and
said connecting hole; and
a step of forming said second metal wire which
is electrically connected to said first metal wire

by embedding the metal materia) in said wiring

groove and said connecting hole,

whereby said first metal wire and said

second metal wire are directly connected to

each other not via said third film portion on said

contact hole bottom portion, while said metal

material in said connecting hole is covered with

said third film on the side surface of said con-

tact hole.

22. A method of manufacturing a semiconductor
device, according to claim 21, said first and second
metal wires are copper wires, and said first second
and third films are copper diffusion preventing films.

23. A method of manufacturing a semfconductor
device, according to claim 22, characterized in that

said copper diffusion preventing films are a
selected one from a group of amorphous titanium

SiN, amorphous tungsten SiN, titanium nitride,

tungsten, tantalum, niobium, and tantalum alumin-

ium.

24. A method of manufacturing a semiconductor

device, according to claim 21, said first and second
metal wires are aluminium wires, and said first sec-

ond and third films are reflow increasing fOms of

aluminium.

25. A method of manufacturing a semiconductor

darice. according to claim 24, characterized in that

said reflow increasing film are a selected one from

a group of amorphous titanium SiN, amorphous
tungsten SiN. titanium nitride, tungsten, tantalum,

15
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niobium, and tantalum aluminium.

26. A method of manufacturing a semiconductor device
characterized by comprising:

5
a step of forming a first metal wire (120) whose
periphery is covered with a first film (1 15) via

an insulating layer on a semiconductor sub-

strate;

a step of forming a first intertayered insulating io

film (130). a second fflm (135) and a second
interlayered insulating film (140) having an
insulation characteristic on said first metal wire;

a step of forming a first wiring groove in said

second intertayered insulating film by seiec- is

tiveiy etching said second interlayered insulat-

ing film until said second film is exposed;

a step of removing a portion of said second fflm

at a bottom portion of said first wiring groove,

said etching stopper film and said first film por- 20

ton covering an upper surface of said first inter-

layered insulating film and said first metal wire,

to expose said first metal wire, thereby forming

an connecting hole;

a step of forming a third fflm (145) on a surface 25

of said second fam, on an inner side surface of

said connecting hole and on an upper surface

of said first metal wire;

a step of removing said third film portion on the

upper surface of said first metal wire, while so

remaining said third film portion on the side

surface of said connecting hole and on the side

surface of said first wiring groove; and
a step of embedding a second metal wire in

said connecting hole and said first wiring 35

groove.

27. A method of manufacturing a semiconductor

device, according to daim 26, said first and second
metal wires are copper wires, and said first, second 40

and third films are copper diffusion preventing films.

28. A method of manufacturing a semiconductor

device, according to claim 27, characterized in that

said copper diffusion preventing films are a 45

selected one from a group of amorphous titanium

SiN, amorphous tungsten SiN, titanium nitride,

tungsten, tantalum, niobium, and tantalum alumin-

ium.

so

29. A method of manufacturing a semiconductor

device, according to daim 26. said first and second
metal wires are aluminium wires, and said first, sec-

ond and third films are reflow increasing films of

aluminium. 55

30. A method of manufacturing a semiconductor

device, according to claim 29. characterized in that

said reflow increasing film are a selected one from

a group of amorphous titanium SiN, amorphous
tungsten SiN, titanium nitride, tungsten, tantalum,

niobium, and tantalum aluminium.
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